E-Learning is a fast, just-in-time, learning process, which is becoming popular in distributed and dynamic environments such as the World Wide Web. The core of E-Learning is Learning Content Management System (LCMS). Traditional LCMS supports search of learning objects based on keywords. The conventional approach provides relevant as well as non-relevant results as they do not consider user's context. Also, precise search of non-textual resources such as audio-visual or multimedia based resources is not possible as these are not simple document files where keywords could be searched. The learner has to spend large amount of time in screening the learning resource to determine the best suiting his/her current learning requirements. In this paper an ontology based LCMS has been discussed. Ontology is a formal description of concepts in a real-world domain and helps to store the semantic information of that domain. It is more expressive than any other standard database model and facilitates knowledge sharing and reuse, i.e. a common understanding of various contents that reaches across people and applications. Developed LCMS incorporates semantic capabilities with the help of ontologies to enable semantic based contribution and retrieval of learning objects.
based only on keyword, thus only text-based learning objects can be retrieved and (iii) Learning resources are not provided based on current learner's context. These limitations hamper the utility of LOR, as the learner is not able to search the contents efficiently, matching precisely to his requirements. It is therefore essential to enhance utility of LOR by making the search technique more efficient, that also includes user's current context. This would enhance the overall efficiency of the LCMS. Search of a learning object is possible when the learning content is available with associated requisite metadata. In this paper, an ontology based LCMS, OLearner is presented that allows contribution and access to the learning object based not only on keywords but also on the basis of semantics. It allows search of all types of resources while taking the learner's context in to consideration. Any user can contribute a learning object, by providing its semantic description such as title, main keywords, description, resource type, format, category, difficulty level, intended end user role, location etc. The collaboration space for providing easy resource contribution will result in continuous enrichment of the learning content ontology resulting in improved LCMS services.
The section 2 of this paper describes background. A discussion on related work in the e-learning domain is presented in section 3. Section 4 presents proposed architecture for an LCMS and description of ontologies used for learning object and learner profile. The implementation of the OLearner is discussed in the section 5. Analysis of results and a screen-shot of the system are presented in section 6. In Section 7 the conclusion and possible future work is included.
BACKGROUND STUDY 2.1. Ontology
Ontology is a way of declaring the types of entities existing in a domain, and the types of relationships among them. It provides common meaning to entities and their relationship in a machine-understandable language.
In computer-science terms, ontology is defined as "an explicit specification of conceptualization" (Takeda [5] ). Conceptualization refers to a logical model of a domain. To allow a clear understanding of a domain, this logical model needs to be specified in an unambiguous (formal) manner. An explicit specification helps achieve this goal by expressing a problem model in terms of real-world objects with inter-relationships using a set of representational vocabulary (Takeda [5] ).
Semantics in e-Learning
In Berners-Lee's famous Semantic Web architecture, ontology plays a critical role for sharing information and achieving the semantic interoperability on the Web. As ontologies can be used for representing a shared vocabulary and conceptualization of a domain, it is believed that ontology based technologies can help in building a better e-learning system. In e-learning domain, though standard schemas like IEEE LOM [6] and Dublin Core [7] have been applied to describe learning objects, these standards only focus on the minimal set of attributes. Such a simple structure cannot help students learn complex knowledge and relationships among topics. From the student's point of view, to complete a learning task not only requires a comprehensive understanding of what the learning materials talk about, but also the knowledge about semantic connections / relations between these materials. In such a situation, ontologies can be applied as a new approach to integrate the content, context and structure of the learning materials. For instance, ontologies allow teachers to organize and visualize major topics of a given course through hierarchical and association relationship (He [10] ). Ontologies provide new opportunities to the students to interact with Web based courses and other educational systems in personalized ways (Devedzic[11] ). They also support semantic information access to materials relevant to certain topics (He [10] ), and allow future integration with other courses in the same or related domain (Ga?evi? and Hatala [9] ).
RELATED WORK
Although the application of ontologies in e-learning environments is still in an early stage, recent researches imply that it will be a promising direction in the future. One of the earliest researches on employing ontology in e-learning is Ontology-based Intelligent Authoring Tool (Chen et al. [12] ), in which four ontologies were used to construct learning model and teaching strategy model. Another widely cited work about e-learning on the Semantic Web can be found in contributions of (Devedzic [11] ) and (Stojanovic and Studer [13] ), where the ontology has been used to provide the learning material. The use of ontologies in e-learning was also discussed in World conference on Internet (Stojanovic and Studer [13] ), in which domain specific ontologies are used to provide semantics-based classification, navigation and query for learning repositories. Other related researches using ontologies to support e-learning include the courseware authoring support in collaborative environments as discussed in (Dicheva et al. [8] ) and the object-oriented collaborative course authoring environment as discussed in (Cristea and Okamoto [15] ). Few authors (Gascueña and González [16] ) have used domain ontology to describe learning material and provide adaptive e-learning environments and reusable educational resources.
THE PROPOSED SYSTEM ARCHITECTURE
The proposed ontology based Learning Content Management System, 'OLearner' contains two major components -(1) Learning Portal Application and (2) Domain Ontology provider. The architecture for the proposed system is as shown in figure-1. (1) Learning Portal Application: The learning content management services are provided to the learner through a portal application. The LCMS services are provided to create, store, manage, and deliver digital learning content from a central learning object repository. The portal has following main componentsa. Some assumptions about the common semantics of the learning domain have been made. These can be published by any standard creation authority. In the domain ontology module, the semantic information of the domain has been formally represented by OWL ontologies and published as LearningContent.owl and LearnerProfile.owl. These ontologies are described in section 4.1. Any web portal offering services in learning domain may import these ontologies to find the basic schema of learning domain. 
Ontology Development
In this work, two ontologies useful for learning content management system have been proposed. These are ontology for learning domain and ontology for storing learner's profile. Using these ontologies, a learner context mapping service can match user profiles with the learning content and select the learning content satisfying the user interests. Thus via these ontological relationships, the required learning resources can be located and their metadata can be retrieved. This metadata can be used to match the user profiles with the relevant learning resource. These ontologies have been described in the following subsections
The Learning Content Ontology
The most important aspects for searching learning material from the student's point of view are-(i) What the learning material is about (content), (ii) How this topic is presented to the learner (context) and (iii) What other dimensions (structure) are needed to link various learning resources as generally, a learning material does not appear in isolation. Thus, for creating the shared understanding in e-Learning domain, an ontology-based description of content, context and structure of the learning materials is required. It will also help to provide flexible and personalized access to these learning resources. The proposed Learning Domain ontology covers these three aspects as shown in Figure 2 . This ontology contains four main classes namely-Course, Subject, Topic and LearningResource. Their description is as given below-A Course class may be related with many subjects using hasSubject relation. Also each course has a courseName which uniquely defines a course and a description about the goals and objectives of the Course.
A Subject class represents the subjects to be learnt. The properties of this class are as described below-The properties subjectName and description are the name and a brief description of the subject, hasTopic (isTopicOf is its inverse) and isDescribedBy point to the set of topics and resources, respectively, which compose a subject. The property hasRequisite and isPrerequisiteFor (its inverse) indicate the concepts that must be known before starting to study a concept, and the concepts for which it is a prerequisite, respectively.
The Topic class constitutes the knowledge of the domain under consideration. This class contains data-type property topicName, to identify the topic. The topicName, subjectName, and courseName help to specify the content dimension of Learning Object Ontology. Object properties of the class Topic allow establishing different relations among different topic are hasRequisite, isPreRequisiteFor, relatedConcept, hasSubTopic and isSubTopicOf. These Object properties are used to specify the structure dimension for the Learning Object. The object property isDescribedBy points to digital resources that explain a concept or assess the knowledge stored about it.
LearningResource class is the fundamental class in the ontology. This class keeps the metadata of learning objects. In this work, some elements of the IEEE LOM and SCORM have also been included for learning object metadata representation.
Figure 2. Learning Content Ontology
The LearningResource class stores the information about title, language, technicalFormat, documentType, difficultyLevel, contributedBy, intendedEndUserRole, createdBy, and location. The intendedEndUserRole, technicalFormat, and difficultyLevel property is used to specify the context dimention.
The Learner Profile Ontology
To store the information pertaining to Learner's profile, the LearnerProfile Ontology is proposed as shown in Figure- 
Methodology Used
In the proposed learning content management system, the user is required to get registered to the LCMS. At the time of registration, his personal and learning information such as -language preference, author preference, user role indicating his proficiency in a domain etc. are obtained through a learner profile form presented to him. This information is stored in the Learner's Profile knowledge-base. Whenever user logs in to the system and requests or searches for learning resource, his request is intercepted by the centralized controller. This controller invokes appropriate LCMS Service, which interacts with corresponding service of the Service Module. This service uses the knowledgebase to perform its operation. On completion of requested operation, the results are returned to the LCMS service, this in turn returns these results to the controller. The view component then displays results using appropriate view.
Learner can also choose the option for searching only those learning resources that match with his current context. The current context information about learner is stored in the Learner Profile ontology. To provide learner's context based search, the corresponding fields of the Learner's profile ontology and content ontology are mapped. For example, learner's language preference can be mapped to Learning Resource's language property, so that learner can get learning resources in its preferred language. The mapping is indicated in Table 1 .
Table 1. Mapping between LearnerProfile ontology & LearningContent ontology properties.
The presented ontology based approach helps to support learner's access to relevant materials semantically. The search results are in the form of link to the Learning resource with their semantic information. The learner is not required to go through all given resources and then find out for himself whether this resource is fulfilling his request. Such an interface helps in enhancing learning speed of learners.
IMPLEMENTATION
OLearner has been implemented using Java version 5 (jdk 1.5). The web container used for deployment of the OLearner is Jakarta-Tomcat-5.5.5. The presentation tier of OLearner is AJAX enabled and is implemented using Struts and Direct Web Remoting (DWR) frameworks. The three key components of Struts used for robust implementation of OLearner are request handler, response handler and tag library. DWR allows web browser to use Java functions running on a web server as java script code. The ontologies are created using OWL, which is a W3C standard for writing the ontology. To check the consistency of the developed ontologies RacerPro reasoner is used. Information stored in OWL knowledge base is queried using SPARQL query language, which is also a W3C standard for querying the RDF, however it can also be used for querying the OWL knowledge base. Design of the ontology and Figure 4 shows a sample of Classification and Consistency check result for Learner Profile Ontology. The class diagram of OLearner is as given in figure-5.
Implementation of Context Based Search
To provide context based search, the metadata specified in Learner Profile ontology and Learning Content ontology is mapped. For each context based search request SPRQL query is framed by OWL Interaction module. Figure-6 shows, how the concepts defined in the Learner ontology are mapped to the concepts of the Content ontology for incorporating the context of the learner into the search of the Learning content. 
Listing 1. SPRQL query for context-based search
In the beginning of query, PREFIX keyword is used which is the SPARQL equivalent of declaring an XML namespace: it associates a short label with a specific URI which denotes to a particular ontology. In the given query two prefixes have been declared, one for LearningContent owl and one for LearnerProfile owl. The SELECT keyword is used to define the data items that will be returned by a query. In this example information such as title, location, topicName, hasRequisite and relatedTopic are returned. In the WHERE clause the ontology variable is mapped into query variable and regex expression is applied for screening out entities of interest.
ANALYSIS OF RESULTS
The analysis of results is presented in two phases. In the first phase, the knowledge-base is populated by contributing resources via resource contribution interface as show in Figure 6 . This can be graphically shown as presented in graph -3. The results clearly show that ontology based search that takes user's context into account returns highly relevant and precise results.
CONCLUSIONS
In this work OLearner an ontology based framework for supporting Learning Content Management System has been implemented. Two very useful ontologies to describe the learner profile and the learning content have been designed and developed. These ontologies have been used to 1) classify the learning material, 2) store the information pertaining to learner's profile. Using the proposed ontologies, the learning material that matches very closely to the user's requirement can be searched. From the results obtained by analysis of test data it has been observed that context based search provides highly relevant learning objects to the learner, by screening learning object based on the user's preferences. The results obtained by this search include resources that are of all types, including multimedia-based learning resources which could not be obtained using earlier methods. Thus the proposed method enhances the overall efficiency and usefulness of the LCMS. OLearner can also support collaboration with other LCMS if there services are exposed as SOAP services and follows the same semantics as defined in the proposed ontologies. Though OLeraner provides all the basic services of LCMS, but as an enhancement, certain more features can be added to the system such as learning object rating facility based on number of users accessing the resource, including user's comment about the usability of learning content. To enhance the developed system, a user classification as learner and instructor can be done. This classification will provide some extra facility to the instructor such as course creation, deletion, and the management of contributed learning objects under their course category. The OLearner will be more usable if it can be integrated with LMS (Learning Management System) services such as learner's progress tracking, learner's history management, mailing, white-boards & chat, threaded discussion, blogs, Wikis etc.
